. One bacterial colony from each of the 3 pigs was chosen for further analysis; the 3 isolates were tentatively identified as A. pleuropneumoniae by the presence of hemolysis and the requirement for NAD for in vitro growth, although they showed aberrant urease-negative activity.
The biochemical characteristics of the 3 isolates were further examined using a biochemical identification kit (ID Test HN20-Rapid, Nissui Pharmaceutical, Tokyo, Japan). The 7-digit biochemical profile number generated by the ID test was 7007373. These biochemical properties as well as the biological characteristics, such as hemolytic activity and absence of growth on MacConkey agar plates, were consistent with those of A. pleuropneumoniae, except that the 3 isolates were urease negative. All 3 isolates were serotyped as serovar 2 by slide agglutination tests as described previously.
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These 3 isolates were named UN16, UN21, and UN26, respectively, and the nucleotide sequences of the 16S ribosomal (r)DNA of each isolate were determined. The primers 5'-ATTGAACGCTGGCGGCAGGCTTAACACATG-3' and 5'-AAGGCCCGGGAACGTATTCACCGCAACATT-3' were used for PCR amplification of the 16S rDNA gene. The PCR assay, sequencing, and sequence analysis were essentially the 742436V DIXXX10.1177/1040638717742436Atypical urease-negative A. pleuropneumoniaeIto et al.
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same as described previously. 9 The nucleotide sequence of the 16S rDNA of the 3 strains was identical to the 16S rDNA sequence of A. pleuropneumoniae serovar 2 (GenBank accession AF033058). Nucleotide sequences of the 3 urease-negative isolates were deposited in the DNA Data Bank of Japan (DDBJ)/European Molecular Biology Laboratory (EMBL)/ GenBank databases as accessions LC227658, LC227659, and LC227660, respectively.
In order to elucidate the molecular basis of the absence of urease activity by the mutant, the urease gene cluster was amplified from strain UN16 and a urease-positive serovar 2 strain CB87 that was isolated from the lungs of a dead pig raised on a different farm. PCR primers for the amplification of the urease gene cluster (5'-TACGGCTCGGCTAATAACC GGCGGAGAAAC-3' and 5'-TTGGTCGTTAAGCGAAGC ACGAATTAAGTT-3') were designed from previously published sequences. 5, 7 The conditions for PCR, so-called stepdown PCR with KOD-FX Neo (Toyobo, Osaka, Japan), were as follows: 94°C for 2 min (1 cycle); 98°C for 10 s and 74°C for 10 min (5 cycles); 98°C for 10 s and 72°C for 10 min (5 cycles); 98°C for 10 s and 70°C for 10 min (5 cycles); 98°C for 10 s and 68°C for 10 min (20 cycles); and 68°C for 10 min. Purification of the amplified DNA and determination of the complete nucleotide sequence using a primer walking strategy were carried out as described above.
The genetic map and comparison of the nucleotide sequences of the urease gene cluster of the urease-positive and -negative strains are shown in Figure 1 . The nucleotide sequence analysis of the urease-negative A. pleuropneumoniae strain UN16 revealed that a cause of the urease-negative activity of the strain might be an insertion of 7 nucleotides (AATTACC) into position 392 of the cbiM sequence, which yields a tandem direct repeat of this sequence leading to a frameshift mutation, resulting in truncation of the CbiM protein. Urease activity of strain UN16 was recovered in the presence of NiCl 2 at a concentration of 20 μM. This suggests that an alternative system, such as the magnesium uptake system, 7 with a lower affinity for nickel, mediates uptake at higher concentrations. Urease activity of UN16 in the presence of elevated nickel is consistent with the mutation of the cbiM gene being the cause of the urease-negative phenotype of this strain when tested under normal conditions. The nucleotide sequences of the urease gene cluster of strains CB87 and UN16 have been deposited in the DDBJ/EMBL/ GenBank databases as accessions LC227661 and LC227662, respectively.
To date, a number of A. pleuropneumoniae mutants that do not express one of the virulence factors, such as Apx toxins, 1,14 a biofilm, 10 a capsule, 9 have been isolated. For these mutants, insertion of a mobile genetic element, such as ISApl1 (a 1,070-bp insertion element of the IS30 family) 9, 10, 14 or an uncharacterized mobile genetic element (1,201 bp), 1 was seen to disrupt a gene encoding the respective phenotype. However, our study revealed that tandem duplication of a short DNA sequence might be involved in the urease-negative activity of an A. pleuropneumoniae mutant. Genes of the urease-negative strain UN16, which has a nucleotide sequence identical to that of strain CB87, are also shown by gray arrows. cbiM genes of strain UN16, which are truncated by an insertion of DNA (ΔcbiM), are shown by black arrows. The number plus amino acid (aa) in parenthesis after cbiM and ΔcbiM genes indicates the length of the aa sequence, which differed between strains CB87 and UN16.
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